SUBSTITUTE SPECIFICATION: CLEAN VERSION 



FLIP-FLOP CIRCUIT THAT INCLUDES 
DIFFERENTIAL AMPLIFIERS 



TECHNICAL FIELD 

5 This patent application relates to a flip-flop circuit 

arrangement . 

BACKGROUND 

Flip-flop circuits constructed in integrated circuit 
10 technology are among the basic circuit blocks of integrated 

circuit technology and have manifold fields of application. 

Flip-flop circuits may be constructed using emitter-coupled 
transistors in ECL (emitter coupled logic) circuit 
15 technology, for example. 

Flip-flop circuits of this type for rapid signal processing 
are normally constructed symmetrically and are designed for 
processing differential signals. 

20 

Known flip-flop circuits in ECL technology have the problem 
that, because of their construction, they normally require 
relatively large operating voltages, since at least two 
base-emitter voltages always drop out between the two 
25 supply potentials. However, it is desirable in modern 

communication electronics in particular to be able to 
operate flip-flop circuits with smaller and smaller supply 
voltages . 

30 SUMMARY 

Described herein is a flip-flop circuit arrangement which 
may be constructed in ECL circuit technology and which may 
be operated using a lower supply voltage. 



35 



In one aspect, a flip-flop circuit arrangement comprises: 
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- a pair of input terminals, designed for supplying a 
differential input clock signal, 

- a pair of output terminals, designed for tapping a 
differential output signal, 

5 - four differential amplifiers, each having two 

transistors, whose controlled sections are each 
positioned in a series circuit with a resistor, the 
series circuits being positioned between a supply 
potential terminal and a first and/or second shared 
10 emitter node, whose control terminals are coupled to one 

another to form a D flip-flop structure and in which the 
pair of output terminals is formed at the output of at 
least one differential amplifier, 

- a first current source, which connects the first shared 
15 emitter node to a reference potential terminal, 

- a second current source, which connects the second 
shared emitter node to the reference potential terminal, 

- a first switch, whose controlled section is connected 
between supply potential terminal and first emitter 

20 node, and 

- a second switch, whose controlled section is connected 
between supply potential terminal and second emitter 
node, 

- the first and the second switch each having a control 
25 terminal, which form the pair of input terminals. 

The suggested flip-flop circuit arrangement is constructed 
symmetrically and is designed for guiding differential 
signals . 

30 

The circuit may be implemented in ECL circuit technology. 



According to the suggested principle, the two switches 
which are activated using the differential clock signal are 
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related directly to supply potential from the two emitter 
nodes . 

Accordingly, the advantage results that only one base- 
5 emitter voltage U BE drops out between supply potential 

terminal and reference potential terminal if the 
differential amplifier transistors and the switches are 
implemented in bipolar technology, and therefore the 
circuit may be operated using especially low voltage. 

10 

In addition, it corresponds to the suggested principle that 
only two current sources are required, which couple each of 
the two shared emitter nodes to reference potential. The 
current sources for all differential amplifiers are thus 
15 combined into a current source pair. 

An additional advantage of the suggested principle results 
in that, due to the lower number of required current 
sources, the current required for the circuit is reduced. 

20 

Still a further reduction of the current required for the 
circuit results through implementation of the first and 
second switches, which are activated by the differential 
clock signal, as transistors which operate as emitter 
25 sequencers. Therefore, emitter sequencers at the output of 

the flip-flop circuit may advantageously be dispensed with. 

Nonetheless, it is possible, using the suggested circuit, 
to connect the output of a flip-flop implemented as 
30 suggested to a data input thereof or directly to a further, 

identical flip-flop. Accordingly, frequency divider 
circuits and/or shift registers may be constructed without 
problems using the suggested flip-flop and emitter 
sequencers at the output may nonetheless be dispensed with. 
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According to a refinement of the suggested flip-flop 
circuit arrangement, the four differential amplifiers are 
implemented so that 
5 - a first differential amplifier is provided, comprising a 

first pair of emitter-coupled transistors in the first 
emitter node, whose collector terminals form a first 
circuit node and a second circuit node and whose base 
terminals are cross connected to their collector 
10 terminals, 

- a second differential amplifier is provided, comprising 
a second pair of emitter-coupled transistors in the 
second emitter node, whose collector terminals are 
connected to the first circuit node and/or to the second 

15 circuit node and whose base terminals form a third 

circuit node and a fourth circuit node, 

- a third differential amplifier is provided, comprising a 
third pair of emitter-coupled transistors in the second 
emitter node, whose collector terminals are connected to 

20 the third circuit node and/or to the fourth circuit node 

and whose base terminals are cross connected to their 
collector terminals, and 

- a fourth differential amplifier is provided, comprising 
a fourth pair of emitter-coupled transistors in the 

25 first emitter node, whose collector terminals are 

connected to the third circuit node and/or to the fourth 
circuit node and whose base terminals are connected to 
the second circuit node and/or to the first circuit 
node . 

30 

According to a further embodiment of the suggested 
principle, the first, the second, the third, and the fourth 
circuit nodes, which are formed at the particular collector 
terminals of the transistors of the differential 
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amplifiers, are each connected via a resistor to the supply 
potential terminal. 

The resistors may be implemented as current sources. The 
5 current sources may be implemented as wired transistors 

suitable for this purpose. The current source transistors 
may be implemented as field effect transistors in this 
case . 

10 The differential amplifiers and the two switches which are 

activated using the differential clock signal may be 
implemented in bipolar circuit technology. The switch 
transistors and differential amplifier transistors may be 
implemented as npn transistors. 

15 

The first and the second current sources, which connect the 
two shared emitter nodes to the reference potential 
terminal of the flip-flop circuit, may be implemented in 
MOS circuit technology and each comprise a transistor. The 

20 current source transistors may be implemented as n-channel 

transistors of a self-controlling type. The control 
terminals of the transistors which form the first and the 
second current sources may be connected to one another and 
applied to a constant reference potential. In this case, 

25 the current source transistors may each be output 

transistors of a current balancer. Alternatively, the first 
and second current sources may also be implemented as 
resistors or bipolar transistors. 

30 Further details and advantageous embodiments of the 

suggested principle are the object of the subclaims. 

Embodiments will be explained in greater detail in the 
following on the basis of the single figure. 
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DESCRIPTION OF THE DRAWING 
The figure shows an exemplary embodiment of the present 
flip-flop circuit arrangement constructed in ECL circuit 
5 technology on the basis of a circuit diagram. 



DETAILED DESCRIPTION 
The figure shows a flip-flop circuit arrangement which is 
constructed symmetrically and which is designed for 
10 processing differential signals. The present flip-flop 

circuit arrangement is constructed in emitter coupled logic 
(ECL) circuit technology and may be implemented as an 
integrated circuit. 



15 The flip-flop circuit arrangement comprises a pair of input 

terminals CP, CN, to which a differential clock signal may 
be supplied. The pair of input terminals CN, CP is formed 
on each base terminal of each assigned transistor SI, S2 . 
The npn transistors SI, S2, which operate as switches, have 

20 their two collector terminals directly connected to a 

supply potential terminal VCC . The emitter terminal of the 
first switch SI is connected to a first shared emitter node 
El. The emitter terminal of the second switch S2 is 
connected to a second shared emitter node. The first and 

25 the second emitter nodes El, E2 are connected via one 

constant current source Ql, Q2 each to a reference 
potential terminal VEE . The constant current sources Ql, Q2 
are implemented in the present case as MOS field effect 
transistors of the n-channel type. The gate terminals of 

30 the current source transistors Ql, Q2 are connected to one 

another and form a terminal VNB for supplying a reference 
level. A current source may be connected to this terminal 
via a transistor diode, so that the transistors Ql, Q2 each 
form the output-side transistor of a current balancer. 
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The actual core of the flip-flop circuit arrangement is 
formed by a total of four differential amplifiers 1, 2, 3, 
4, whose inputs and outputs are connected as described in 
5 the following to the two summation nodes El, E2 . The 

transistors of the differential amplifiers 1 through 4 are 
implemented in this case in bipolar circuit technology as 
npn transistors and are switched in ECL circuit technology. 

10 The first differential amplifier 1 comprises two emitter- 

coupled transistors 5, 6, whose emitter terminals are 
connected directly to one another and to the first emitter 
node El. The collector terminal of the first transistor 5 
of the first differential amplifier 1 forms a first circuit 

15 node ONI, the collector terminal of the second transistor 6 

of the first differential amplifier 1 forms a second 
circuit node OP1 . The base terminal of the first transistor 
5 is connected to the collector terminal of the second 
transistor 6 and the base terminal of the second transistor 

20 6 is connected to the collector terminal of the first 

transistor 5. The first circuit node ONI is connected via a 
first resistor Rl to the supply potential terminal VCC. The 
second circuit node OP1 is connected via a second resistor 
R2 to the supply potential terminal VCC. 

25 

The second differential amplifier 2 comprises a first 
transistor 7 and a second transistor 8, whose emitter 
terminals are connected to one another and to the second 
shared emitter node E2 . The collector terminal of the first 
30 transistor 7 of the second differential amplifier 2 is 

connected to the first circuit node ONI, the collector 
terminal of the second transistor 8 of the second 
differential amplifier 2 is connected to the second circuit 
node OP1 . The base terminal of the first transistor 7 is 
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connected to a third circuit node ON2, and the base 
terminal of the second transistor 8 is connected to a 
fourth circuit node 0P2 . 

5 The third differential amplifier 3 comprises a first 

transistor 9 and a second transistor 10, whose emitter 
terminals are connected to one another and to the second 
shared emitter node E2 of the circuit. Collector and base 
terminals of the transistors 9, 10 of the third 

10 differential amplifier 3 are cross connected to one another 

like the transistors 5, 6 in the first differential 
amplifier 1. The collector terminal of the first transistor 
9 of the third differential amplifier 3 is connected to the 
third circuit node ON2, the collector terminal of the 

15 second transistor 10 of the third differential amplifier 3 

is connected to the fourth circuit node OP2 . 

The fourth differential amplifier 4 comprises two emitter- 
coupled transistors 11, 12, whose shared emitter terminal 

20 is connected to the first summation node and/or shared 

emitter node El . The collector terminal of the first 
transistor 11 is connected to the third circuit node ON2, 
the collector terminal of the second transistor 12 of the 
fourth differential amplifier 4 is connected to the fourth 

25 circuit node OP2 . The base terminal of the first transistor 

11 is connected to the second circuit node OP1, the base 
terminal of the second transistor 12 of the fourth 
differential amplifier 4 is connected to the first circuit 
node ONI . 



The third and the fourth circuit nodes ON2, OP2 form the 
pair of output terminals QN, QP of the flip-flop circuit 
arrangement . 
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The four circuit nodes ONI, OP1, ON2, OP2 of the circuit 
arrangement are each connected via a resistor Rl, R2, R3, 
R4 to the supply potential terminal VCC . 

5 The supply voltage required for operating the circuit 

according to the figure results from the potential 
difference between the supply potential terminal VCC and 
the reference potential terminal VEE . The minimum required 
voltage results from the sum of at least three voltages, 

10 namely the voltage which drops out over the resistors Rl 

through R4 , a base-emitter voltage, which drops out over 
the transistors 5 through 12, SI, S2, and a current source 
voltage, which drops out via the current sources Ql, Q2 . In 
the circuit shown, in which, for example, a drop of 0.3 V 

15 via the collector resistors, a voltage drop, also of 0.3 V, 

at the current balancer transistors Ql, Q2, and a base- 
emitter voltage of 0 . 9 V at the transistors 5 through 12, 
SI, S2, are provided, a minimum supply voltage for 
realistic operation of the D flip-flop of only 1.5V 

20 results in the present number example. 

The two switches SI, S2 operate as emitter sequencers and 
are connected in a bypass circuit to the summation nodes 
El, E2 of the differential amplifiers 1 through 4. The 
25 functionality of an output emitter sequencer is accordingly 

already integrated into the circuit, so that, 
advantageously, no emitter sequencer is necessary at the 
output QN, QP. Accordingly, the circuit offers an 
additional current savings. 

30 

The circuit according to the figure is especially suitable 
for being wired as frequency divider, which causes a 
frequency division by two. For this purpose, the outputs 
QN, QP of the flip-flop, which is a D flip-flop, are 
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connected to the data inputs of the flip-flop in negative 
feedback. A signal having half the clock frequency applied 
at the clock input CN, CP may then be tapped at the output 
QN, QP. 

A further, field of application of the circuit is the 
construction of shift registers. For this purpose, the 
outputs QN, QP of a flip-flop according to Figure 1 are 
each connected to the data input pair of a downstream, 
identical flip-flop. The clock inputs CN, CP of all flip- 
flops connected in this way to form a shift register are 
connected to one another and to a shared clock input of the 
register . 

In alternative embodiments, for example, a transistor may 
be provided instead of the resistors Rl through R4 . Bipolar 
transistors may also be replaced by unipolar field affect 
transistors and/or vice versa. 



